A rectangula r non-conforming element based on Reddy's higher-order shear deformation plate theory is developed. Although the plate theory is quite attractive but it could not be exploited as expected in finite-element analysis. This is due to the difficulties associated with satisfaction of inter-elemental continuity requirement and satisfy zero shear stress boundary conditions of the plate theory. In this paper, the proposed element is developed where Reddy 's plate theory is successfully implemented. It has four nodes and each node contains 7 degrees of freedom. The performance of the element is tested with different numerical examples, which show its precision and range of applicability.
INTROD U C T ION
The use of composite materials in structural components are increasing due to their attractive properties such as high strength-to-weight ratio, ability to tailor the structural properties, etc. Plate structures find numerous applications in the aerospace, military and automotive industries. The problem of shear deformation has got a good amount of attention after the popularity of fib er reinforced laminated composites, which is now one of the major areas of research in recent times. Actually, the role of transverse shear is very important in composites, as the material is weak in shear due to its low shear modulus compared to extensional rigidity. In this context a number of plate theories have been developed where the major emphasis is to model the shear deformation in a refined manner. Amongst these plate theories (higher-order shear deformation theories -HSDT) , only a representative selection is made in reference [2] [3] [4] [5] [6] [7] [8] [9] .
In single layer displacement-based theories, the plate theory proposed by Reddy [7] is most simple, elegant and useful in the context of present problem. It allows parabolic variation of transverse shear stress along the plate thickness and satisfies zero shear stress boundary conditions at the top and bottom of the plate. This has helped to eliminate the necessity of any arbitrary shear correction factor like that, which is required in FSDT. Moreover Reddy's plate theory [7] does not involve any unknown, which does not have any physical meaning like that found in some plate theories (e.g . [10, 11] ). The plate theory [7) has all positive features except one drawback, which is found in a situation when finit e element is applied to this plate model. The problem is concerned with the continuity requirement of w at the common edges between two elements. It requires C 1 continuity of w as the strain terms contain second-order derivatives of w . This problem is identical to that experienced in the development of thin-plate elements as mentioned earlier. This has rather put the main constrain in exploiting such an elegant plate theory in finite element analysis as expected [4] . In this context, A. H. Sheikh and A. Chakrabarti [4] has developed a triangular element. The basic element [4] has six nodes (three corner nodes and three mid-side nodes) where each node contains u; v; w; Bx , By , 'Yx and 'Yy as the degrees of freedom. In this element, the field variables are u; v; w, 'Yx and 'Yy where all the field variables except w are approximated by a complete quadratic polynomial having six unknowns. The transverse displacement w is approximated by a truncated quintic polynomial having 18 unknowns . The element is quite complicated, unfortunately, they [4] didn't show the Hermite interpolation funtions.
Keeping all the aspects in view, an attempt has been made to develop a rectangular element based on higher-order shear deformation theory of Reddy [7] . It has four corner nodes, where each node contains u; v; w; Bx; By; "fx and "(y as the degrees of freedom. In this element, the field variables are u; v; 'Yx and 'Yy where all the field variables are approximated by a complete quadratic polynomial having four unknowns. The transverse displacement w and Bx, By are approximated by a truncated quintic polynomial having 12 unknowns. With all these efforts, it is found that the element does not satisfy the continuity requirement of normal slope. Thus, the proposed element is non-conforming but the performance of the element is excellent in a wide range of problems, which include different boundary condition, plate geometry, aspect ratio, stacking sequence, load distribution and so on.
ELASTICITY EQUATIONS
According to Reddy plate theory [7] , the displacement components of a point at a distance of z from the reference plane may be expressed in terms field variables (displacement parameters at the reference plane) as:
According to Reddy's plate theory [7] , the strain vector { €} may be expressed as: properties (E1, E2, E3, v12, v13, v23, G12, G13 and G23) and fibre orientation of the lamina. The details are not presented, as it is available in any standard text on mechanics of laminated composites [1] . By integrating the stresses through the plate thickness, we obtained the generalized force-strain relation:
where different quantities of the rigidity matrix in Eq. (2.5) can be derived as follows:
FIN ITE ELEMENT F ORMU LATION
The formulation is based on the assumptions followed in Reddy's plate theory [7] . T he middle plane of the plate is taken as the reference plane. According to (2.2), there are 7 d isplacement components on a node. We have a nodal displacement vector:
7 components are 7 freedoms of a node, respectively:
Therefore, the element nodal displacement vector are presented by:
and the displacement vector of element may be expressed as:
According to the discussions made in the previous section, the field variables i.e. , the independent displacement components at the reference plane may be expressed as follows :
where N is the number of nodes of element, Ni are the Lagrange interpolations functions and Hi are the Hermite interpolation functions. The displacement vector is interpolated through element nodal displacement vector as:
where B is interpolation matrix and is defined by: 
where L' and L are the operator matrices and can be presented by: The present element may have any rectangular shape. This is mapped in a different plane (~ -rt), which gives a rectangular shape. The relationship between these two axes system is as follows:
where a and bare the sides of the rectangular element; (xc, Ye) are the global coordinates of the center of element.
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The interpolation functions of four-node rectangular element are determined by:
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The integrations in the above equations are performed numerically following Gauss quadrature technique [9] . properties of each ply is assumed as: E1 = 175 GPa; E2 = E3 = 7 GPa; G12 = G13 = 3.5 GPa; G23 = 1.4 GPa; v12 = v13 = 0.25; v23 = 0.01; simply supported at all the edges and subjected to uniformly distributed load , is studied for different thickness ratios (h/a) ranging from 0.1 to 0.01. The following nondimensionalized quantities at specific points are presented in Tables.
O'yy = <Yyy 2' 2' 6 lql b2 ; The plate is analysed with different mesh divisions and the deflection obtained at the plate centre is presented with the analytical solution of Sheikh & Chakrabarti [4] . Reddy [7] and Ghosh and Dey [12] in Table 1 . which. shows that errors with HSDT results [7] for span to thickness ratio a/h = 100 are 0.68%; at the a/h = 50 are 2.8%; at the a/ h = 20 are 2%; at the a/h = 10 are 2.2% and a/h = 4 are 4.73. It is seen that the errors are reduced at higher a/h, and the present results have an agreement with the analytical solutions [4] , [7] . This study shows that , the size of mesh and convergent speed of method has been involved by thickness ratio a/h; it is seen that the size of mesh is needed to increase and the convergent speed is reduced at higher h/ a.
Example 2. A comparison of maximum defle' ction and stresses components with other studies using FSDT with correction factor of k = 5/6, HDST and third-order shear deformation theory (TSDT) for a symmetric cross-ply by different number of layers and with the same boundary conditions and the material properties as previous examples, under sinusoidal distributed load. The results are shown in Table 2 .
There is a good agreement between the results obtained from other sources. To assess the improvement of HSDT over FSDT, the three-dimensional elasticity solution of Pagano [13] is also presented in these tables. In addition to the above results finite-element solution of Sheikh & Chakrabarti [4] , Reddy [2] (HDST), Rastgaar Aagaah, M. Mahinfalah, G. Nakhaie .Jazar [5] (TSDT), Panda and Natarajan [6] (FSDT) and Mawenya [14] (HSDT) are included in Table 2 (b / a = 1). 
CONCLUSIONS
A new rectangular element based on Reddy's simple higher-order shear deformation theory is presented. The element has four corner nodes, where each node contains u; v; w; Bx , By, Ix and ly as the degrees of freedom. Thus the element is quite elegant from computational point of view. The formulation is based on displacement approach where u; v; w; Ix and ly are taken as the independent displacement components . The element is tested numerically in a wide range of problems covering different boundary conditions, loading, material property, stacking sequence and so on. It shows the performance of the element in terms of accuracy, rate of convergence, applicability and so on. The el_ement is free from shear lscking problem and it does not possess any spurious modes .
This study shows that, the size of mesh and the convergence of method have been involved by thickness ratio h/ a. It is seen that the size of mesh is needed to increase and the convergent speed is reduced at higher h/ a.
Based on these observation~, the element can be recommended for the analysis of composite plates -having any thickness to predict the deflection and stress with sufficient accuracy.
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